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MEMORANDUM   -    Technical Report No.   9 16 July  197S 

TO : Ralph  W.   Alewine,   III 

FROM Stephen S.   Lane.   Texas Instruments Incorporated 

SUBJECT: Expected Performance of Real-Time Interactive System 

This memorandum describes the expected real-time perlo. - 

mance of the interactive seismic processing system (ISPS) and the interactive 

cepstrum program implemented on the PDP-15/50 computer at the Seismic 

Data Analysis Center.     By real-time it is meant that events are written as they 

are recorded onto the computer disk.     Therefore I/O time requirements are 

small and events appear on C.e disk at irregular times. 

1. Interactive Seismic Processing System 

ISPS is designed to perform standard processing on a long- 

period seismic trace of 4096 seconds sampled at 2  second intervals.     Although 

little time is required to load such a trace onto the disk,   if it is in field-tape 

f-rmat the PDP-1S/S0 cannot decode it and simultaneously process other 

events,   due to machine size limitations.     About 5 seconds are required for 

decoding typical long-period traces,   so this task could be done by preempting 

the machine when an event arrives at the computing center. 

At present the ISPS can perform all processing ordinarily de- 

sired by an analyst in S to 8 minutes for each long-period trace.     This pro- 

cessing includes the application of a bandpass filter,   5 chirp filters and a 

master event filter,   and calculation of surface wave magnitude.     A plot tape 

of the raw traces,   the bandpassed trace,   the master event filtered trace,   the 

best chirp filtered trace,   and some annotation can be generated during the 

d)- 
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same time interval. Plotting this information takes about the same time as 

is required to generate it, and can be done by the same machine while pro- 

cessing later events. 

With the present system an operator could process between 

seven and twelve single traces per hour.    It is estimated that after about 4 

hours of such work the analyst's efficiency would be impaired by the mono- 

tonous nature of the processing. 

It is unlikely that this processing rate would be adequate in a 

surveillance system,   especially if more than one trace per event was to be 

examined.     The limiting factor in the system at present is the time required 

for operator interaction,   because the operator must initiate each processing 

step,   and enter the values of any parameters required,   such as chirp filter 

lengths.    The capacity of the syttem could be increased substantially without 

losing any capability by raising the level of automation. 

Under full automation,   the system would make each measure- 

ment described above and display each trace    but would use preassigned para- 

meters and would not require operator interaction.    The only operator inter- 

vention would occur when he believed,   on the basis of the displayed traces, 

that the algorithm was making an error.     At this point he would take appro- 

priate measures to prevent incorrect information from entering the output 

file. 

One trace could be processed under this system in about 30 

seconds computation time plus the time required to view the traces,   which 

should be no more than Z minutes,   raising the number of events processed 

per hour to about 24.    A lower degree of automation would of course require 

longer processing times. 

At the highest automation level we estimate than an operator 

could perform efficiently for only about 2 hours, due to his lack of involve- 

ment with the work.    At this event processing rate the plotting capacity of thf 

(2). 
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present system would be exceeded.     As alternativ»- solutions to this problem, 

either less information could be presented in each plot or another machine 

used for this task, 

2, Complex Cepstrum 

The  PDP-IS/SO program which implements the complex cep- 

strum follows that used by Texas Instruments Incorporated on the IBM  ^)0/44. 

For a real-time system the waveform,   of length up to 10 seconds digitized ,.t 

10 points per second,   would be present on disk.     Processing parameters 

would be entered by the operator, 

There are three points in the processing sequence where op- 

erator intervention is  required.     They are: 

e Initially,   when the start and stop point of the input trace is 

chosen 

e After the cepstrum is calculated,   when the filter point is cho- 

sen 

e After filtering,   when a conclusion is drawn as to the success 

or failure of the filtering. 

In general <'   much longer time is  required to examine the  re- 

sults than to produce them.     Thus,   utilization of the computer is low for the 

complex cepstrum.     Consequently,   the time  required to process a single 

short-period arrival varies with the operator's experience and with the com- 

plexity of the motion.     To extract a depth phase from a simple presumed ex- 

plosion waveform might require 5 minutes in all.     When the nature of the 

event is not known but is to be determined,   much greater time is  required. 

For example,   to extract three direct arrivals and to search for their depth 

phases in a single presumed explosion trace has required as much as 4S 

-(3). 
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minutes.     The gr«al majority of this tinu- was  spent examining traces and at- 

tempting to make judgments about the similarity between various waveforms. 

Even more time is usually spent on the more complicated signals from earth- 

quakes.     It  is very important that such examinations be made,   because an in- 

correct separation at any point  in the processing will invalidate the following 

results. 

A difficulty with the present  system arises when it  is  required 

to compare traces on the screen with those that may exist only in the form ol 

line printer output.     This will happen when the last of three waveforms  is ex- 

tracted from a mixed signal,   and the analyst desired to compare it to the 

first.     No alternations to the program could improve this situation,   which 

now requires sorting through the hard-copy output and comparing to the 

screen display. 

The interactive system represents an improvement over batch 

processing in that the analyst can rapidly try various weighting factors and 

filter points.    Part of this advantage disappears as the analyst becomes more 

experienced,   however.    Probably for a highly skilled analyst the graphic dis- 

play of the system provides no advantage,   and all the advantages of the total 

system could be obtained from a processor which was interactive but had only 

hard-copy output.    Even in this case the complex cepstrum,   due to the long 

times required for examination of the results,   could not be used in a real- 

time mode except perhaps for the very simplest cases. 
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